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THE VEGETATION OF THE SALT MARSHES AND OF THE SALT AND FRESH 
WATER PONDS OF NORTHERN COASTAL NEW JERSEY. 

BY JOHN W. HARSHBERGER. 

In a number of papers' of greater or less length, I have discussed 
the character of the vegetation of the New Jersey coast. The obser- 
vations recorded in these various brochures cover territorially the 
immediate coast from Bay Head in the north to Cape May in the 
south, and were based on field work and on the study of collections 
made for the several large herbaria in Philadelphia. During a resi- 
dence at Belmar, New Jersey, from August 12 to September 15, 1908, 
and July 7 to September 8, 1909, an opportunity was afforded of making 
collections, and of completing a survey of the vegetation of the New 
Jersey coast, begun in 1893, by a study of the coast from Mdnasquan 
Inlet north to Sandy Hook and along Sandy Hook Bay several miles 
westward from Highland Beach. 

On several railroad trips from Belmar to New York City, I was able, 
by a familiarity with the coastal flora for over a period of fifteen years, 
to extend my observations, while on the moving trains, as far north 
as the Hudson River, notably at Red Bank on the Navesink River, at 
Matawan on Matawan Creek, along Newark Bay-in fact, such obser- 
vations were made wherever undisturbed salt marshes were crossed 
by the Central Railroad of New Jersey and the Pennsylvania Railroad 
between Belmar and Jersey City. So that, although the description 
given in this paper is confined to the coast between Manasquan Inlet 
and Sandy Hook Bay, where collections and a field study were made, 
yet it can be said that, from the car-window observations,2 essentially 

1 Harshberger, John W.: Plants for the Seashore, Garden and Forest, V: 45; 
An Ecological Study of the New Jersey Strand Flora, Proceedings of the Academy 
of Natural Sciences of Philadelphia, 1900: 623-671; Additional Observations 
on the Strand Flora of New Jersey, do., 1902: 642-669; Forest Growth at Wild- 
wood New Jersey, Forest Leaves, IX: 40, June, 1903; The Mutation of Hibiscus 
moscheutos, Proceedings of the Academy of Natu'ral Sciences of Philadelphia, 1903: 
326; The Formation and Structure of the Mycodomatia of Myrica cerifera, do., 
1903: 352-362; The Comparative Leaf Structure of the Strand Plants of New 
Jersey, Proceedings of the American Philosophical Society, XLVIII: 72-89, with 
4 plates. 

2This has been the favorite method of Dr. Roland M. Harper in his study 
of the coastal flora of the Southern States. It is fairly satisfactory as extending 
the range of certain types of vegetation, but is unscientific unless checked by 
actual collections and study of a section of the plant formations investigated, as 
put into practice above. 
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the same type of salt marsh vegetation exists as far north as New York 
City. 

Early in the field work it became apparent that my entire time and 
attention could be devoted to the salt marsh and pond vegetation of 
the region covered by this phytogeographic survey, for a study of the 
flora of the sea beaches and sand dunes, which are not extensive on the 
northern New Jersey coast, revealed the fact that the same association 
of shore and dune plants existed north of Manasquan Inlet as south of 
it as far as Cape May. The vegetation of the salt marshes, salt ponds 
and fresh water ponds of the northern New Jersey coast present so 
many features of interest that it was fortunate that my undivided 
attention could be given to its study, so that the dune flora will be 
mentioned in what follows only when necessary in elucidating the 
composition of juxtaposed plant formations. 

PHYSIOGRAPHY OF THE REGION. 

No mention is made of the ponds which are characteristic of the 
northern shore of New Jersey in the works that have been published 
on the physiography of New Jersey. Several of them at Ocean Grove 
and Asbury Park have been surrounded by embankments, and are 
used for pleasure craft and for winter and summer carnivals. Begin- 
ning at Manasquan Inlet in the south and traveling northward, one 
encounters the following bodies of water, which will be designated as 
open or closed to the ocean, and therefore fresh or salt > 

Manasquan Inlet (open and salt). 
Newberry Lake = Stockton Lake (open and salt, connected with 

Manasquan River). 
Wreck Pond (open and salt in 1908; closed during the summer of 

1909 and fresh until August 13, 1909, when it was opened to let in 
the salt water). 

Spring Lake (closed and fresh). 
Como Lake (closed and fresh).- 
Silver Lake (closed and fresh; pleasure lake). 
Shark River Inlet (open, with strong tidal movement to and from 

the sea; closed on July 23, 1909, by the formation of a sand bar during 
a southeast storm; opened again August 12, 1909). 

Sylvan Lake = Duck Pond (closed and fresh, but connected with 
sea at very high tides). 

3The following maps, published under the auspices of the Geological Survey 
of New Jersey, will be found useful: Atlas Sheet No. 9, Monmouth Shore, 1902; 
Navesink Sheet, 1901; Long Branch Sheet, 1901; Shark River Sheet, 1903. 
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Fletcher Lake (closed and fresh; pleasure lake). 
Wesley Lake (closed and fresh; pleasure lake).. 
Sunset Lake (closed and fresh; pleasure lake). 
Deal Lake (open by a closed sluice gate filled with sand and totally 

fresh). 
Whale Pond = Takanassee Lake (open by a made channel, but 

entirely fresh). 
Shrewsbury River (opening northward into Sandy Hook Bay and 

navigable to large excursion steamers). 
All of these ponds, whether fresh or salt, have had essentially the 

same physiographic history. They have all started as the outlets of 
larger or smaller streams, which flowed sluggishly seaward from a 
more elevated but still almost level interior. Upon reaching the 
immediate sea coast, these streams had to contend with the sand of 
the traveling beaches, which form an almost unbroken line for a 
thousand miles from Montauk Point, on the eastern end of Long Island, 
to Jupiter Inlet, in Florida. These sandy beaches never maintain the 
same relative position, but are moved about by the ocean currents and 
more fickle winds. Since the beaches have been inhabited by summer 
and winter residents attempts have been made to stop the movement 
of the sand by the construction of jetties, stone walls and revetments, 
with some degree of success, but in the past the action of nature's forces 
were untrammeled. The continuity of such beaches is broken only 
by the action of a river. The Hudson River, flowing out of New York 
Bay, breaks the beach between the Navesink Highlands and Long 
Island. There has been a big contest for supremacy between the 
beach and the river. Coney Island has crept out like a crooked finger 
from the east, and Sandy Hook has traveled up several miles from the 
south. But the great river has kept open its channel to the sea, not- 
withstanding the fact that Fire Island Inlet has drifted to the west at 
the average rate of three miles in sixty years, or nearly 260feet per 
annum. The encroachment of these bars threatens the channels 
which lead into the Narrows and New York Bay, so that until recently 
the largest steamers had to wait outside for the tides, while the least 
deviation from the channel insured their grounding. All of the rivers 
south of Sandy Hook have had a similar eontest-with the sand beaches-. 
The Shrewsbury and Navesink rivers have had such a struggle to keep 
open their outlet to the sea.4 The sandy beach, however, succeeded in 

4Consult the facsimile made from a survey map by Ratzer in 1769 and pub- 
lished in England in 1777, where these rivers are represented as open to the sea. 
Also the papers by Prof. Lewis M. Haupt (Annual Report State Geologist of New 
Jersey, 1905: 27-95; 1907: 72-81), where by photographs and diagrams the 
changes of the New Jersey coast line are well illustrated. 
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closing the mouths of both rivers, which united together into a common 
stream, cutting its way past the Navesink Highlands and emptying into 
Sandy Hook Bay. Even to-day the low sand beach is so narrow that 
often the sea breaks entirely over it, and this is particularly true of 
the portion immediately in front of the Navesink Highlands, for here 
it is barely wide enough to accommodate double railroad tracks and a 
carriage road, protected as they are from the full force of the ocean 
storms and high tides by a sea wall of stone and piling. This narrow 
strip of sand, about six miles long, connects Sandy Hook with the 
mainland. All of the smaller streams have been obliged to meet the 
same sand encroachment; but many of them, unable to keep their 
outlets open, have been converted into salt ponds, and if shut off 
from the sea for any length of time they have been gradually trans- 
formed into fresh water ponds. Only two of the larger rivers have 
been equal to the task of cutting through the barrier beach, viz., 
Shark River and Manasquan River. The outlet of Shark River several 
years ago had been almost closed, except a narrow channel which one 
could step across at low tide; but in the summer of 1908 the river 
had a new lease of life, its inlet opened wider than ever, so that naphtha 
launches drawing several feet of water entered from the open ocean. 
During the summer of 1909, however, the sand barrier had traveled so 
far north that a southeast storm on July 23, 1909, completely closed 
the inlet.5 

We can arrange the inlets and ponds in a regular sequence, with 
reference to the stage which they have reached in their developmental 
history (see note 16), beginning as ocean inlets and ending in closed fresh 
water ponds. In an earlier paragraph I have arranged all the known 
bodies of water in geographic order. Their physiographic sequence is 
somewhat as follows: 

1. Salt Watere (Active Tidal Flow). 
Manasquan River; Shark River (open until July 23, 1909, when 

it closed, to be opened by digging away the bar on August 13, 
1909); Navesink and Shrewsbury Rivers; Wreck Pond (open and 
salt in 1908, closed by a sand bar and fresh during 1909 until 
August 13, when the inlet was opened to the sea). 

5 The only open inlet from Barnegat Inlet to Sandy Hook during the summer 
of 1909 after July 23, when Shark River Inlet closed, was at Manasquan. Later, 
on August 13, 1909, Wreck Pond Inlet was opened, and on August 12 that of 
Shark River. 

6 In all cases the character of the water was determined by a hydrometer that, 
read 0-50 degrees Beaume. When the scale read 0 degrees the water was 
considered undoubtedly fresh. 
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2. Fresh Water. 
(A) With Natural Surroundings-Wreck Pond (salt in 1908; 

fresh in 1909); Como Lake (sluiceway to sea); Sylvan Lake = 

Duck Pond (sluiceway to sea). 
(B) With Artificial Surroundings (pleasure lakes)-Spring Lake; 

Silver Lake. 
(C) With Protected Shores (pleasure lakes)-Fletcher Lake; 

Wesley Lake (sluiceway to sea); Sunset Lake; Deal Lake 
(sluiceway to sea, opened fifteen years ago); Whale Pond = 

Takanassee Lake (sluiceway to the sea). 

The vegetation will be considered in the sequence which follows 
the physiographic history of the bodies of water mentioned above. 
WVherever the tidal action is sufficient to keep the basins of the rivers 
in the first category filled with salt water, we have the level areas along 
their banks and the sand and muck islands formed by the action of 
the currents covered with a typic salt marsh vegetation. 

SALT MARSH FORMATION. 

The salt marsh areas in New Jersey with which we are concerned 
occur around the shores of Newark Bay, and extend for some 
distance along the Hackensack and Passaic rivers. There is no salt 
marsh on the banks of the Hudson River, and none at present in 
New Jersey on New York Bay. Salt marshes extend along Arthur 
Kill and inland along the shores of the rivers that empty into 
it. Raritan Bay has its marshes where there are indentations and 
where small streams empty into it, and for several miles along both 
banks of the Raritan River there are extensive flats. The shores of 
the Navesink River, except a few islands near its mouth, are destitute 
of salt marshes; but the Shrewsbury River has low, swampy shores, 
covering some space between the highland and the shore. Then comes 
a stretch of sea coast extending from North Long Branch to Bay 
Head, along which the mainland is washed by the ocean waves; the 
beach is abrupt, the sand is coarse and there is no marsh, except on 
the banks of Stockton Lake, Shark River, Wreck Pond and Manasquan 
River. South of Bay Head the salt marshes back of the sand islands 
are very extensive, as described in previous papers. 

Three kinds of salt marshes may be distinguished in New Jersey. 
The first, and smallest in area, is that which is covered at every 
mean high tide. The second in area is rarely covered at ordinary 
tides, but so little above mean high water that even the slightest rise, 
due to wind storm or moon changes, results in a partial covering with 
water. The third type of marsh is that above mean high tide and more 
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or less completely covered with vegetation. All three kinds of marsh 
may be covered at the time of the Spring and Fall tides, and they are 
intersected by ditches, thorofares, and deeper boat channels, which 
give a characteristic appearance to the monotonous landscape. 

The following analysis of a machine-cut sod, 10 x 10 x 27 inches, 
weighing 121 pounds, was made by Dr. Jacob G. Lipman, of the New 
Jersey Agricultural College, from material taken August 13, 1907, on 
a Raritan marsh opposite Sayreville: 

Original Weight, .121 pounds. 
Dry Weight, . . .23.39 i 
Moisture . . .80.67 per cent. 
Dry Matter, . . .19.33 " 

Upper Portion. Lower Portion. 
Nitrogen, .0.65 per cent. 0.63 per cent. 
Organic Matter, . 34.23 " 21.30 
Ash, . .65.75 " 78.70 

The spongy, fibrous character of the upper portion of the sod, ex- 
tending from twelve to eighteen inches and composed of roots and 
other vegetable matter, is gradually modified in its lower portion. 
The distinct root structure tends to disappear, and with the darker 
color the entire mass becomes more compact and resembles muck 
rather than peat. The proportionate amount of carbon and ash are 
both increased, while the proportion of organic matter is diminished.7 

The development of the salt marsh vegetation was studied in a 
number of places. When the mud flats rise above the surface at any 
stage of tide plants begin to invade them. Such a bar, uncovered 
in the Shrewsbury River five or six years ago, according to a fisherman 
who lived in the neighborhood, is now covered by a dense growth of 
Spartina stricta maritima, a grass which has large root-stocks that ex- 
tend deep into the mud. At the end of each year the tops of this wiry 
grass die, and new shoots come up the next Spring; mud and other 
materials are held at the base of the stems until the surface is gradually 
built up, when the first type of salt marsh passes into the second. 
Gradually other plants come in that have a root system adapted to 
growth under the conditions provided by mud covered and uncovered 
alternately by tidal flow, until the zonal arrangement of plants which 

7Smith, John B.: The New Jersey Salt Marsh and its Improvement, Bulletin 
2,07, New Jersey Agricultural Experiment Station, 1907. In one marsh the writer 
found the marsh soil above a gravel bed measured 82 cm. (= 324 inches), and 
in a subsequent paper he will describe the appearance and constitution of each 
soil stratum. 
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characterizes the long established marshes arises. This stage of 
development seems to mark the culmination of the salt marsh vege- 
tation. If the marsh rises above the level where the typic salt marsh 
plants can grow, a different kind of'drainage of the marsh is established 
and the salt marsh plants are replaced by others. The decay of the 
remains of the salt marsh plants produces holes here and there over the 
surface of the marsh, which, in the parlance of the sea coast farmer, 
becomes "rotten. " 

The composition of the salt marsh vegetation of the northern 
New Jersey coast can be illustrated best by a study of several 
typic kinds of marshes as they occur from Sandy Hook Bay south to 
Manasquan Inlet. The description and the sketches which accom- 
pany them will illustrate the similarities, as well as the differences, 
induced by a difference in the edaphic factors of the several localities.8 

The salt marshes at Water Witch Park, a resort on the north slopes 
of the Navesink Highlands, along Sandy Hook Bay, along the channel 
edge of Plum Island, along the east front of the Highlands, a marsh 
island in the Navesink River, at Navesink Beach and at Normandie 
consist of Spartina stricta maritima (sp. gr. 1.017-1.0185) where a 
muddy bottom is found, but it disappears where sand and gravel form 
the river bottom. Associated with this salt grass in front of the Nave- 
sink Highlands are found Spartina polystachya, together with Atriplex 
hastata and Tissa marina. At Navesink Beach is a low mud island 
formed five or six years ago, but now completely covered with Spartina 
stricta maritima. The second inner strip consists of the low salt grass 
Spartina patens, together with patches of Salicornia herbacea, as at 
Water WVitch Park, Scirpus pungens at Navesink Highlands, with a 
few specimens of Solidago sempervirens and Salicornia herbacea. On the 
marsh island in the Navesink River, Spartina patens is associated with 
Distichlis spicata, covering nearly half an acre of the island, between 
which and the outer fringe of salt grass occur in mixed growth (sp. gr. 
1.0180) Limonium carolinianum, Spartina patens, Plantago maritima, 

8 The edaphic conditions were determined during the summer of 1909 by means 
of a specific gravity hydrometer with a scale reading from 0.995 to 1.065, good 
to four decimal places by a secondary subdivision of the scale. An attached 
thermometer allowed readings to be made from -15? to + 450 Centigrade. 
By means of this hydrometer the character of the submerging water, or water from 
holes dug in the marsh soil, which influenced the roots or bases of each marsh 
species, was determined. The results are given in specific gravities. Abso- 
lutely pure water (distilled) reads 1.0000 on the scale, and sea water taken from 
the surf at Belmar at 21.10 C. reads 1.0215, so that the figures from the different 
marsh habitats approach closely the first figure if the water is fresh or the second 
figure if more or less saline. The specific gravities, as far as possible, are given 
in parentheses, leaving the detailed results for a subsequent paper. 
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Salicornia mucronata, S. herbacea, Aster subulatus, Tissa marina,, 
Suceda linearis and Chenopodium rubrum. At Navesink Beach 
Salsola kali has invaded this strip of Spartina patens, and at Nor- 
mandie Atriplex hastata and Sua?da linearis (= Dondia americana) form 
almost pure associations, while at this place, between the low dunes 
and the last mentioned marsh strip, are found associations of Lathyrus 
maritimus, mixed with Solidago sempervirens and ?Enothera biennis. 

The third inner strip of salt marsh at Water Witch Park is com- 
posed of an association of Scirpus pungens, Gerardia maritima, Pluchea 
camphorata and Cyperus erythrorhizos, while the fourth strip of vege- 
tation is characterized by tall-growing herbs and shrubs, viz., Scirpus 
pungens, Panicum virgatum, Polygonum sagittatum, Hibiscus moscheu- 
tos, Eupatorium perfoliatum, Solidago sempervirens and Baccharis 
halimifolia, some which suggest proximity of fresh water conditions. 

The salt marsh along the upper portion of Wreck Pond shows a 
modification of the outer fringing strip of Spartina stricta maritima. 
Along the north shore of the Pond edaphic conditions control the 
distribution of plants, for the fringing growth of Spartina stricta 
maritima (sp. gr. 1.014) is not continuous, but is more or less inter- 
rupted by tongues of Spartina patens, while in two places Scirpus 
pungens in two isolated associations is the character plant which 
touches the channel currents. Back of the tall salt grass is found an 
almost continuous strip of Spartina patens, in some places mixed with 
Scirpus pungens and Panicum virgatum. From the distribution of the 
plants and the direction of the shore lines, it would seem that the 
ocean currents are deflected against the north shore, where the salt 
marsh conditions are more typically found, while the fresh water of 
the river flows seaward along the south shore. This, however, is not 
the determining factor in the replacement of Spartina stricta maritima 
along the south shore by Spartina patens, for the north shore has a 
muddy bottom and the south shore a gravelly one. 

Plum Island Salt Marsh (Fig. 1). 
Plum Island is found lying between the southern end of Sandy 

Hook and the Highlands of Navesink. 
It is irregular in shape and consists of low sandhills surrounded 

by salt marsh, as indicated in Fig. 1, which also indicates the areas 
of marsh covered by this survey (I, II, III). Considering the com- 
position of the salt marsh at the locality marked I on the sketch map 
of Plum Island, we find the outer strip (sp. gr. 1.016) (Fig. 2) composed 
of a pure growth of Spartina stricta maritima (X), which is succeeded by 
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-a pure growth (sp. gr. 1.0155) of Baccharis halimifolia (e), which 
wedges in between the outer strip and the third strip of Spartina patens 
(V), which in most places usually succeeds the outer one of the taller 
salt grass. Along the inner edge of the clumps of Baccharis halimi- 

tH~~~~~~~~~~~~~~~~~~~~~~~' 

Fig. 1.-Plum Island in Sandy Hook Bay. Dotted areas represent sandy; 
t , thickets and trees; 4,, salt marsh; numerals indicate areas treated of 
in this paper. 

folia (6) occur pure associations of Suaxda ltnearis (8) and Sali- 
cornia herbacea (H ), as indicated in the sketch. 

Sand Dune Formation.-Low sandy stretches back of the marsh are 
covered with typic dune plants, including the marram grass, Ammo- 
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phila arenaria (A), Cakile edentula (= C. americana), Myrica caro- 
linensis, and an extensive clump of Prunus maritima (P), with an 
occasional cedar, Juniperus virginiana (JV). In places Myrica 
carolinensis and Hudsonia tomentosa cover extensive tracts in pure 
association, together with Lechea maritima. 

Thicket Formation (T T ).-The thickets on the more elevated 
sandy parts of this island consist of Juniperus virginiana (JV), 
Prunus maritima (P), Myrica carolinensis, Baccharis halimifolia, 

Fig. 2. ProotVa 
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together with the poison ivy, Rhus radicans, while the prickly pear 
cactus, Opuntia vulgaris, is abundant in the sandy stretches between 
the trees. 

Plum Island is characterized by a number of salt lagoons. The 
vegetation surrounding these lagoons was studied at two places (II 
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and III), as indicated in the sketch. The open water (sp. gr. 1.016) 
of the first lagoon (II) is completely surrounded by a circumarea 
(sp. gr. 1.016) of Spartina stricta maritima (X), in the midst of which 
arises an association of Spartina polystachya ($). This circumarea 
is in turn surrounded by a continuous one (sp. gr. 1.018) of Baccharis 
halimifolia (8), in front of which in two small associations (sp. gr. 
1.020) occur Spartina patens (V), together with Salicornia herbacea 

>(x x 96 V. 

xx x 
xx 

8x X x9 

X9 

99 XxX 

X~)X 0o 6x99 

Fig. 3.-Survey of Salt Marsh on Plum Island, Sandy Hook Bay, marked I1 
on the Sketch Map of the island. X,^Spartirui stricta maritima; $, Spartina 
polystachya; 0, Baccharis halimifolia; dotted area =sand; V, Spartina 
patens; E., Salicornia herbacea; P, Prunuzs maritima; A, Ammophila are- 
n~aria; 1', thicket of trees. 

(H ). In one corner of the marsh (sp. gr. 1.0185), Just back of the 
Baceharis halimifolia (6F), is found an extenLsive association of Spartina 
patens (V), which touches the sandy slopes covered with Ammophila 
arenaria (A) and Solidago sempervirens. This dune strip merges into 
the thicket formation previously described, where Prunus maritima 
(P) occupies the outer edge of tree growth (see Fig. 3). 
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The second lagoon studied is a much smaller one, and is located on 
the map (Fig. 1) at the place marked III. As with the other lagoon, it 
is completely surrounded by a circumarea of Spartina stricta maritima 
(X), and it is fringed on one side by a broad strip of Spartina patens 
(V). Touching the tall salt grass on the other side (sp. gr. 1.003) 
are found Salicornia herbacea (H ) and Limonium carolinianum (A), 
Atriplex hastata and Suceda linearis, while here and there occur clumps 

_ _ 
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1~~~~~~~ 00 V 

vv 
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Fig. 4.-Survey of Salt Marsh on Plum Island, Sandy Hook Bay, marked III ino 
Fig. 1. X, Spartina stricta maritima; V, Spartina patenws; E-4, Salwcorina 
herbacea; A, Limoniu4m carolinianum; 0,t Baccharis halimifolia; %, Soli- 
dago sempevxirens; A, Ammnophilat arenara; 1I, tree thicket. 

Of Baccharis hatimifotia (8), at least four such having been seen in 
the immediate neighborhood of this lagoon. This lagoon basin is sur- 
rounded by low sandy slopes, barren on one side, but covered with 
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Ammophila arenaria (A) and Solidago sempervirens on the other, 
while a thicket where Rhus radicans is prominent occurs on the higher 
sand slopes (Fig. 4). The water of this lagoon, although it is near the 
center of the island, remains salt, because at high tides it is replenished 
by the entrance of sea water, which enters through a valley-like depres- 
sion running diagonally across the island. 

Salt Marshes along Shark River. 

Shark River (Fig. 5) rises inland about seven miles from the coast. 
The inner line of its watershed is marked approximately by the New 
Jersey Southern Railroad, running between Farmingdale and Pine 
Brook near Eatontown. It runs seaward in two main branches, fork- 
ing from each other close to Shark River Bay. The southern branch 
rises in elevated country (100-164 feet contour) near Shark River 
Station on the New Jersey Southern Railroad. The northern branch 
rises near Centerville, and flows approximately southeast to join the 
other branch before they enter Shark River Bay, which is fresh at 
its head, but gradually becomes more salt near its narrow outlet to 
the sea, more or less surrounded by salt marshes or salt marsh islands 
(Fig. 5). The bay is about two miles long from east to west. The 
outlet is marked by the line of the New York & Long Branch Rail- 
road, which crosses by a trestle bridge. Below the trestle the river 
channel is scoured by the rapidly moving inflowing and outflowing 
tides, and its banks are lined with salt marshes now to be described. 
The close proximity of these marshes to Belmar enabled me to visit 
them frequently on foot and in a boat, and to construct a map which 
represents the distribution of the salt marsh plants (Fig. 5). 

The salt marsh vegetation of the south shore of the river, between 
the ocean and the trolley bridge, will be described in detail first. The 
river channel (sp. gr. 1.0212) is fringed by Spartina stricta maritima 
(X) where the muddy shore is submerged at high tide (sp. gr. 1.0140). 
This grass. also fringes the marsh island, which was originally formed 
by tidal action. Near the ocean front Spartina patens (V) forms a 
strip which is barely touched by salt water at high tide, while in differ- 
ent association and on the same level is found Scirpus pungens (Z) 
associated with Limonium, carolinianum (,A). These plants are backed 
by low dunes covered with Triodia cuprea, Ammophila arenaria, 
Strophostyles helvola, Lathyrus maritimus, Euphorbia polygonifolio, 
Cakile edentula, Cassia nictitans, Ampelopsis quinquefolia, Solidago 
sempervirens, Trifolium repens, T. hybridum and Xanthium echinatum. 
In the bend of the river between B Street and D Street, Belmar, the 
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salt marsh forms a V-shaped cusp; the sides and apex of this project- 
ing marsh are fringed with Spartina stricta maritima (X). Enclosed 
by this grass, as shown in Fig. 5, are found pure associations as follows: 
1, Spartina patens (V), Salicornia herbacea (H) and Limonium caro- 

F Bridge 

v ~ ~ Avo 

~;River. 

Fig. 5.-Salt Marshes along Shark River. X, Spartina stricta maritima; V4 
Spartina patens; Z, Scirpus pungens; 0, Distichlis spicata; 0, Baccharis 
halimifolia; J, Juncus Gerardi; *, Phragmites communis- E-4 Salicornia 
herbacea; II, Gerardia purpurea; dotted areas = sand with typic dune plants; 
1', tree thickets. 

linianum in the low ground partially submerged at high tide; 2, 
Distichlis spicata (0), Salicornia herbacea (H), and Limonium caro- 
linianum in similar soil situations as the first associations and extend- 
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ing around the head of a slough at this point of the shore; 3, Juncus 
Gerardi (J), one patch of which surrounded a low dune covered with 
Panicum virgatum. A high dune spit projecting into the marsh was 
covered by Panicum virgatum, Xanthium echinatum, iEnothera biennis 
and Ammophila arenaria. 

The straight portion of the main shore, between this V-shaped marsh 
on the one hand and the marsh island on the other, is occupied by a 
narrow salt marsh, the vegetation of which consists of a frontal strip of 
Scirpus pungens (Z), out of which grow Baccharis halimifolia (9) and 
Hibiscus moscheutos. This strip is continued by two pure associations 
of Spartina patens (V) (sp. gr. 1.0069) and Scirpus pungens (Z) re- 
spectively. A second shoreward marsh strip is occupied by fresh 
water marsh plants, such as Impatiens fulva (= I. biflora), Sambucus 
canadensis and Polygonum sagittatum, while the drier portions of this 
strip are characterized by Panicum virgatum. The second short offset 
between D and E Streets, Belmar, is noted for a projecting tongue of 
low marshland completely surrounded by a growth of Spartina stricta 
maritima (X) in full flower (August), while surrounded by the taller 
salt marsh grass is a lower flowerless growth of Spartina stricta mari- 
tima (X), with two associations of Distichlis spicata (0) and one of 
Spartina patens (V). Immediately back of this marsh tongue are 
found several strips of vegetation. In front is an irregular association 
of Spartina patens (X) in soil merely wetted by the rising tide, but 
seldom entirely submerged. Inside of this is a narrow association 
of Scirpus pungens (Z), succeeded in the drier shore soil by Baccharis 
halimifolia (0) and Hibiscus moscheutos (sp. gr. 1.0000), while in places 
in this strip occur fresh-water swamp plants, such as Cicuta maculata, 
Peltandra virginica, Scirpus robustus and Impatiens fulva (- I. bi- 
flora). Situated between the outer strip of Spartina stricta maritima 
(X) and the inner fresh water marsh strip occur longitudinally disposed 
three alternating associations, viz.: two societies of Scirpus pungens 
(Z), between which is found an association of Spartina patens (V) and 
Scirpus robustus. 

The gradual slopes of the shore above the marshland is covered 
with Panicum virgatum, Rhus radicans, Xanthium echinatum, Baccharis 
halimifolia (e'), over which clambers Sicyos angulatus. 

Vegetation of the Marsh Island. 

The marsh island in Shark River with a slough at its western end is 
completely surrounded by Spartina stricta maritima (X), except in 
two places where the shore is a little more elevated. At one place 
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Baccharis halimifolia (a) and Panicum virgatum in dry sandy soil 
above tide action forms the border growth, while on the opposite side 
of the island in wetter soil is found the edge of an extensive association 
of Juncus Gerardi (J), which here touches the river channel. An ex- 
tensive growth of Spartina stricta maritima (X) covers the western 
end of the island surrounding the slough marked on the map (Fig. 5). 
As this growth of salt grass is found in soil only covered at high tide 
in its development here, it is in marked contrast to its growth in the 
shore mud, which is never practically uncovered by tidal flow. Else- 
where in the center of the island occur associations of 1, Distichlis 
spicata (0) with Limonium carolinianum (A); 2, Juncus Gerardi (J); 
3, Spartina patens (V), with and without Iva imbricata, while a small 
dune is covered with Panicum virgatum and Solidago sempervirens. 

Vegetation of the North (Avon) Shore of Shark River. 

Beginning at the beach front, where it covers a wide area of shore 
mud, and extending in a narrow strip to the trolley bridge, where it 
again widens, Spartina stricta maritima occurs as a border growth. 
Just back of the ocean dunes, this association surrounds several smaller 
ones of Spartina patens (V) alone, Distichlis spicata (0) alone, Scirpus 
pungens (Z) alone and Phragnites communis ( ), which grows at the 
inner edge of the marshland proper, as do Salicornia herbacea ( ) and 
Limonium carolinianum, while in a smaller growth of Spartina stricta 
maritima (X) back of the border strip grow Scirpus robustus and 
Baccharis halimifolia (e). Lying between this strip and the sandy 
shore, where Panicum virgatum is the character plant, is an extensive 
association of Scirpus pungens (Z). As the shore bluff comes within 
a few feet of the water's edge for a considerable distance along the 
north shore of the river, the marshland narrows until only the fringing 
growth of Spartina stricta maritima occupies the shore line, with a 
narrow strip just back of it of Spartina patens (V), which as elsewhere 
grows in the soil rarely exposed to the full tidal action. In a triangular 
corner formed by the bluff as one side of the triangle, the trolley road 
and the river as the other two sides, the marsh widens with a lagoon 
in its center. The shore growth of Spartina stricta maritima (X) is 
continuous with the growth of the grass which surrounds the water 
of the lagoon (sp. gr. 1.0180). Forming conspicuous elements of the 
vegetation of this triangle, and here as elsewhere to be distinguished 
by the color of the plants, are several associations of marsh species. 
One of the largest associations in contact with the bluff is composed of 
Scirpus pungens (Z), surrounding Iva imbricata and Hibiscus moscheutos 
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(sp. gr. 1.0000), while Pluchea camphorata mixes its growth with the 
sedge, as does Juncus Gerardi (J), which surrounds a low sand dune 
covered with Panicum virgatum. In three isolated areas is found an 
association of Spartina patens (V), while back of Spartinra stricta 
maritima (X) on the roadside of the lagoon occurs an association of 
Juncus Gerardi (J), at one end of which Limonium 'carolinianum enters 
the association. At the head of the lagoon, at the inner edge of the 
marsh soil, Cyperus erythrorhizos and Polygonum ramosissimum, which 
indicate beginning fresh water conditions, have established themselves. 
Outside of the influence of the salt water, where the inner edge of the 
salt marsh (sp. gr. 1.0000) owes its wetness to rains and fresh water 
springs, just in front of the river bluff occur plants of fresh water 
swamps, such as the shrubs Alnus serrulata, Pyrus arbutifolia, Clethra 
alnifolia and the herbs Vernonia noveboracensis, Eupatorium pur- 
pureum, Polygonum sagittatum, Osmunda cinnamomea, Sagittaria 
variabilis, Cicuta maculata and Lobelia cardinalis. 

TRANSITION TO FRESH WATER PONDS. 

Upper Wreck Pond.-We have seen that the appearance of Spartina 
patens indicates that the soil is only periodically flooded with salt 
water. Above the carriage road, where the forest approaches the 
water's edge, Spartina stricta maritima gradually thins out, and its 
place as a border plant is taken by Scirpus pungens (sp. gr. 1.000), 
Scirpus lacustris and Spartina polystachya. But the persistence of this 
grass here, where the fresh water conditions are becoming pronounced, 
is perhaps explainable by the fact that the periodic entrance of salt 
water prevents the replacement of this grass entirely by typic fresh 
water vegetation, which is unable to survive a short exposure to salt 
water; while Spartina stricta maritima not only withstands salt water, 
but actually thrives in it, and also adapts itself to growth in water 
which varies its salinity within wide limits, becoming almost fresh 
when the inland rains are especially heavy or when the inlets of the 
streams are closed by sand bars during severe storms, as during the 
summer of 1909. During this summer the outlet of Wreck Pond was 
closed to the sea until, as indicated by the hydrometer, the water 
became entirely fresh, and yet Spartina stricta maritima and Spartina 
patens persisted in their usual habitats, flowering as usual, even when 
partially submerged by the overflow of fresh water during heavy 
summer rains.9 However, before we reach the place where this change 

9 hsmatter, as indicated by the sp. gr. hydrometer, will appear in a later 
paper, but it should be emphasized here that salt water plants stand submer- 
gence in fresh water much better than fresh water plants in salt water. 
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occurs. the following marsh strips may be recognized, beginning with 
the outer one, which consists of Spartina stricta maritima (sp. gr. 1.003). 
Then comes a strip of Spartina patens and a middle one of Panicum 
virgatum, filled in between with Spartina patens and S. polystachya. 
In the shoreward strip at the edge of the woods, where the salt marsh 
vegetation merges with the fresh water vegetation (sp. gr. 1.000), 
occur clumps of Cicuta maculata, Iris versicolor, Hibiscus moscheutos, 
Polygonum sagittatum, P. pennsylvanicum, P. arifolium, Eryngium 
virginianum, Ptilimnium capillaceum, Hydrocotyle umbellata, Lobelia 
cardinalis, Convolvulus sepium and Impatiens fulva (visited by hum- 
ming birds). The third strip may be considered to be the tension one, 
where there is a gradual blending of the salt water and fresh water 
vegetation. As one ascends the stream the salt marsh plants dwindle, 
until not a trace of them is left and the marsh becomes entirely a fresh 
water marsh, covered with plants wnicn lower down merely- ringed th- 
inner margin of the salt marsh. 

Sylvan Lake is the receptacle for the fresh water of a small stream 
which rises in two forks in Mt. Prospect Cemetery, west of Ocean 
Grove (80 feet contour). These two branches tunite in a small pond 
at Ocean Grove Heights, and the main stream flows seaward a distance 
of a mile, until it enters Sylvan Lake (Duck Pond of the survey map), 
which is about three-quarters of a mile long,. As Sylvan Lake is shut 
off from the ocean by a low sand bar, with a timbered sluiceway still 
connecting it with the sea during high tides, it is sometimes supplied 
with salt water, which enters the pond by means of the usually dry 
sluiceway, which has been left as a means of keeping the water level of 
the lake within certain limits. We can divide the vegetation of the 
lake basin into two main divisions: (1) The vegetation uninfluenced 
or rarely influeniced by salt water, and growing in the western part of 
the pond where the water is kept fresh by the stream which enters at 
this end, and (2) the vegetation influenced more or less directly by 
the sea water, when it enters by the sluice during exceptionally high 
tides, which may rise high enough to enter the pond only three or four 
times each year, and in the wiinter time, when the vegetation in the 
pond, and surrounding it, being in its winter state, would be very little 
injured by an overflow of salt water. Consequently the water of most 
of the pond, especially near the landward end, is fresh, while near the 
seaward end it is usually fresh, but brackish only after the sea water 
has entered the pond during some high side, enabling a few salt marsh 
species to persist, although generally subjected to fresh water con- 
ditions (see note 9). 
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One, therefore, notices the entire absence of such typic salt plants 
as Spartina stricta maritima, Distichlis spicata, Salicornia herbacea, 
S. mucronata, Limonium carolinianum and Suceda linearis, while the rem- 
nant of this true salt marsh vegetation left at the margin of the pond, 
owing to the occasional entrance of salt water, consists of such plants 
as Spartina patens and Juncus Gerardi. 

Vegetation in Proximity to the Ocean. 

The low ground margining Sylvan Lake at its seaward end is occu- 
pied by Scirpus pungens at the water's edge, while back of it occur 
Spartina patens, Hibiscus moscheutos and Juncus Gerardi, together 
with Elodes virginica and Juncus canadensis. The tall reed grass 
Phragmites communis forms a pure association at this level, as does 
also Cladium mariscoides mixed with Solidago sempervirens. The 
cattail, Typha angustifolia, is found in small cove-like indentations 
of the shore, while Nymphcea odorata with Panicum crus-galli occur 
in small sloughs found here and there along the outer shore line. The 
low sand levels above the marsh are covered wvith Myrica carolinensis, 
in association with Panicum virgatum, Baccharis halimifolia, Stro- 
phostyles helvola, Baptisia tinctoria, Vaccinium atroc6ccum, Ilex glabra 
and Prunus maritima, extending back to the edge of the woods behind 
what was formerly, before grading operations altered the original 
conditions, the dune complex of my earlier papers. The following 
plants, Vaccinium atrococcum, Ilex glabra and Baptisia tinctoria, which 
enter the dune formation, may be considered to be elements which 
have invaded the formation from an inland pine barren source of 
supply. 

Vegetation Controlled by Fresh Water. 

Early in my study of the flora of Sylvan Lake my attention was 
directed to the north shore, because the south shore of the lake had 
been altered too much by the encroachment of the building line of 
Avon-by-the-Sea. Only a few patches of the original vegetation was 
left, and so much altered as not worth a detailed study. Three strips 
of vegetation can be recognized along the northern shore of the lake, 
and in the description of them which follows the plants will be men- 
tioned in the order in which they were collected in walking from the 
western end to the eastern end. This plan is pursued because it was 
found impossible to recognize associations of the species, because they 
were so mixed together, especially in the second strip, as not to be 
separable into distinct groups. 
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The lake is almost choked with a green alga, Cladophora flavescens, 
which has invaded the water lily associations and threatens to exter- 
minate them. Not only that, but the lake for boating purposes has 
been ruined by the floating masses of Cladophora which at times of low 
water form mats of algal felt, and unless copper sulphate is used to 
destroy this plant the lake will be converted gradually into a fresh 
water marsh. 

The water's edge is margined generally by Panicurn crus-galli and 
Scirpus pungens, with which in close association were found, but in 
varying abundance, Panicum virgatum, Scirpus pungens, Typha 
angustifolia and Nymphwa odorata, which formed in most places the out- 
ward edge of this strip, growing in the shallow water in several places 
and extending its growth out over the surface of the lake. 

The only plant of the second strip which may be said to grow in 
pure association is Cladium mariscoides, which forms back of Panicum 
crus-gatlli of the first strip a growth in some places 100 feet long, ex- 
tending back to drier soil. Associated with this sedge grow Polygala 
cruciata and Sabbatia angularis. The second strip, howvever, is charac- 
terized by the presence of Gerardia purpurea, Rhexia virginica, 
Drosera linearis, D. filiformis, Fuirena squarrosa hispida, Panicum 
virgatum, Polygonum sagittatum, Hibiscus moscheutos and Lobelia spicata. 
In a few wet places sphagnum occurs, and here grow Vaccinium macro- 
carpon and Drosera filiformis. 

FRESH WATER POND FORMATIONS. 

When the sand bar formed across the end of an inlet has become 
permanent, the lake formed back of it gradually becomes converted 
into a basin holding nothing but fresh water (instance Wreck Pond 
in 1909, with salt marsh species), and the vegetation becomes eventtually 
that found in fresh water ponds and along their margin. Three such 
fresh water lakes were studied carefully on the northern New Jersey 
coast, viz.: Como Lake, a small uncharted pond back of Como Lake 
and formerly part of it, and Silver Lake. Incidentally in this survey 
Bradley Lake and Wesley Lake at Ocean Grove and Sunset Lake in 
Asbury Park were visited, but it was found that the banks of 
these lakes were sodded with cultivated grasses and planted with 
shrubs for ornamental purposes, so that these lakes, although formed 
in a similar manner to the ones studied, are omitted from further con- 
sideration. 

Silver Lake.-Silver Lake is situated in the borough of Belmar and 
is entirely surrounded by summer cottages (Fig. 5). It is less than 
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half a mile long, and its banks have been sodded, the undergrowth 
has been removed and the tree vegetation, notably Pinus rigida, has 
been left, giving a park-like aspect to the surroundings. The authori- 
ties periodically clear the lake of all vegetation, in order to provide- 
for the water carnivals which are held some time during the summer 
months. But yet the vegetation grows almost as rapidly as it is 
removed, and constant vigilance must be exercised to prevent the 
filling of the shallow lake basin. The most persistent of these plants 
is Potamogeton perfoltiatus, which forms extensive associations here. 
and there in the quieter portions of the lake. Another persistent 
plant is Elodea (Philotria) canadensis, which grows so fast as to choke 
portions of the lake. Upon this aquatic plant grow epiphytically, 
according to a study of microscopic material collected in the summer 
of 1908, a blue-green alga, Mastigonema sejunctum, which lives in tufts 
or soft mosses on the leaves of Elodea, as also a diatom, Gomphonema 
constrictum. The filaments of Mastigonema are rather rigid, straight 
and spuriously branched, and their apex is delicately hair-like, while 
heterocysts are found at the base of each of the branches. The diatom, 
Gomphonema constrictum, has wedge-shaped frustules in the girdle- 
view, and in the specimens studied they were attached by their inferior 
smaller extremities to a system of hyaline threads that form bound 
together a stalk, which attaches them to the Elodea leaf. The fresh 
water plankton of this lake was found to consist in September, 1908, 
of Spirogyra crassa (which lives over the winter), Anaba?na flos-aquc 
var. circinalis and Scenedesmus obliquus. The water silk, Spirogyra 
crassa, formed floating masses near the shore (found by me also in April, 
1909), while Anabcena flos-aquc var. circinalis about the end of August 
was in such abundance as to suggest "the flowering of the mere." 
Its beaded filaments formed most beautiful coils or spirals. 

Como Lake.-Como Lake will be treated in a few years like those at 
Asbury Park and Ocean Grove, as the building of summer houses is 
fast approaching it, so that these observations will preserve to botanic 
posterity the only statement as to the original flora which surrounded 
it. Following the south shore first, we can recognize four strips of 
plants, viz.: (1) the water strip; (2) the wet ground strip; (3) the dry 
ground strip; (4) the forest strip. The first two strips are practically 
the same, because the vegetation of the wet soil encroaches upon the 
water surface. The west shore is somewhat gravelly and sandy, and 
here I found, beginning at the western end of the pond and walk- 
ing eastward, the following characteristic plants: Agrostis hyemalis 
(= A. scabra), Polygonum sagittatum, P. acre, Cyperus erythrorhizos 
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(abundant), Panicum crus-galti (occasional), Scirpus pungens. Then 
at the eastern end, I noted in the water strip Juncus canadensis, J. 
debilis, Cyperus dentatus var. ctenostachys, C. erythrorhizos, Scirpus 
pungens, Polygonum sp., Panicum crus-galli. On a small rounded 
bar in the lake near the ocean grew in the summer of 1908 
Panicum crus-galli, Polygonum acre, Cyperus erythrorhizos, C. Nuttallii. 
Where a small spring enters the lake, I found Nasturtium officinale, 
Polygonum acre and Spirogyra sp. 

The third strip on the south side of the lake consists of plants which 
occupy low sandy slopes. Such are Myrica carolinensis, Solidago 
sempervirens, Panicum virgatum, Strophostyles helvola, Rhus copallina, 
Baptisia tinctoria, Cyperus dentatus (proliferated sedge), according to 
my notes. 

The seaward end of the north shore has been graded. Beginning 
at the edge of the improvements(?) and walking westward along the 
shore, the followiub st:rips of vegetation were recognized and studied: 
(1) the marsh strip at the edge of the water; (2) the dry sandy strip; 
(3) the forest strip. The marsh strip, proceeding westward, is charac- 
terized by Scirpus pungens, Polygonum acre, Cyperus erythrorhizos, 
Polygonum sagittatum, Gerardia purpurea, Ptilimnium capillaceum, 
Panicum crus-galli (nearly always at the water's edge). A small 
stream which enters between the pine woods showed in its expanded 
portion the w-hite water lily, Nymphwa odorata, and at the edge Panicum 
crus-galli, Polygonum sagittatum and P. acre. Passing a sharp bend 
of the shore the marsh vegetation increases in density with the asso- 
ciation of Scirpus pungens, Gerardia purpurea, Polygonum acre, P. 
sagittatumn, Ptilimnium capillaceum, Hypericum canadensis, Bidens 
frondosa, Hibiscus moscheutos, Scirpus cyperinus, Panicum crus-galli. 
The bur reed, Sparganium euycarpum, forms a small association at 
the western end of the lake, while in front of the trolley embankment, 
in water six inches deep, was found an association of Panicum crus- 
galli, Cyperus erythrorhizos and Glyceria obtusa. Here the marsh ex- 
panids into a triangular area, where I collected Polygonum sagittatum, 
P. acre, Cladium mariscoides, Scirpus pungens (abundant), Eryngium 
virginianAum, Solidago tenuifolia, Panicum virgaturn, Gerardia purpurea, 
Ptilimnium capillaceum, Iris versicolor, wvhile in another portion of 
the marsh, alternating with the dry ground, grew Alnus serrutata, 
Aspidium thelypteris, Cladium mariscoides, Aster subulatus and 
Hibiscus moscheutos. 

The second strip, or that of the treeless dry ground, is characterized 
by its extensive clumps of Panicum virgatum, with which grows Poly- 
gala cruciata. 



1909.] NATURAL SCIENCES OF PHILADELPHIA. 395 

Separated from Como Lake by a carriage road, and situated in the 
angle which this road forms with the main or trolley road, is a small 
triangular pond of fresh water, completely covered with a small- 
flowered variety of the white water lily, Nympha3a odorata, with the 
margin of the pond fringed with a circumarea of Panicum crus-galli. 
Como Lake proper has relatively no growth of water lilies, except as 
previously noted in a small embayment of the shore, where a small 
stream enters from the pine woods, and yet in the pond, cut off from 
the main lake by the construction of the carriage road, it is the domi- 
nant and exclusive plant. 

FRESH WATER SWAMP FORMATION. 

Como Swamp.-West of the trolley road is a swamp (Fig. 6) which 
occupies the area covered formerly by a western extension of Lake 
Como. but cut off from it by the construction of the wagon road. As 
this swamp is fed by a small stream about three-eighths of a mile long, 
there is a partially open channel running through the middle of it, and 
a small fresh water lagoon has been formed at one side by a choking of 
the former lake basin with vegetation. This extremely wet swamp 
illustrates the last stage in the conversion of a salt water pond with its 
salt marsh vegetation, first into a brackish pond with the suppression 
of most salt water plants (Sylvan Lake stage) and then into a fresh 
water lake with its characteristic vegetation (Como Lake stage), and 
finally the invasion of the shallow lake with vegetation peculiar to 
fresh water swamps (Como Swamp stage, Fig. 6). 

The channel (ditch) is blocked in its lower portion by sedges and 
grasses, in the midst of which we find an association of Potamogeton sp. 
( #), Polygonum acre ( ) and Scirpus pungens (+) surrounding a 
smaller association of Sparganium eurycarpum (- Fig. 6). On the 
north side of the ditch we find an association of Leersia oryzoides (+), 
Panicum crus-galli (I ) and a few scattered clumps of Typha angusti- 
foltia (C) ). A triangular-shaped association comprises Nympha?a 
(Castalia) odorata (0), Scirpus pungens ( + ), Panicum crus-galli (I ), 
with a few scattered specimens of Scirpus lacustris (0), and the arrange- 
ment of the plants suggests that the water lilies represent the original 
facies which has been invaded by other specis. The cranberry, 
Vaccinium macrocarpon (M), forms a pure association at the edge of 
the marsh, while nearby Juncus canadensis (c), Polygonum acre ( ), 
P. sagittatum (T ), Nymphcea odorata ((0) are in association (see Fig. 
6). Along the north edge of Como Swamp two other associations are 
found, one consisting of the admixture of Scirpus pungens (+), Poly- 
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gonum acre ( ), P. sagittatum (T), Xyris caroliniana (* ), Eryngium 
virginianum (E), Sabbatia angularis (A), while the other association 
comprises Scirpus pungens (-h), Rhynchospora glomerata (t), Poly- 
gonum acre (I ), Ptilimnium capillaceum (p), Juncus canadensis (5"). 
The swamp on the south side of the ditch is more extensive, surround- 
ing a central lagoon with water lilies ((D). Here also are found pure 
associations of Typha angastifolia (?), Rhynchospora glomerata (t). 

i ?f e 'kt.,r ' 9o + 

1'~~~~~S+ 

+ ,,,*f.R* Sl I* 
-p ~~ *~ +.iljp&4~ ~ ti ~ '~o ~+ 4- . 

Fig. 6.-Survey of Comlo Freshl AWater Sw-amp. '1, thicket; Q,) Nynlphwca 
odorata; $, Typha angustifotia; *, Potalmogetonb sp.; 1,Panicum crus- 
galli; =,Sparganium euerycarphm; -i- Leersiat oryzoides; 1I, Polygonurn 
sagittatum; -j-- Scirpus p?ngen;- @, Scirpus tacust.ris; E, Eryngiurn vir 
girianum; *, Xyri caroliniana; So4idago tenuijol a; M, Vaccinium 
maclrocarpon; ci, .Juncus canadensis; t, Rhynchospora glornerata; A, 
Sabbatia angularis; *, Pot ygonurnt acre; T', Ptitimnium catpittacet rn. 

Scirpus lacustris (i), Etitimnium ca^piltaceum (P) and several mixed 
associations of species, as illustrated in Fig. 6. The largest asso- 
ciation is west of the lagoon; here occulr Pol ygonum acre ( *) associated 
with Sotidago tenuifolia (S) and Nymphwa odorata (0 ). Another 
association is composed predominlantly of Juncus canadensis (6), 
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another of Scirpus pungens (+), while Panicum crus-galli (I) and 
Leersia oryzoides (?) fill the interspaces between some of the afore- 
mentioned groups of species. Hibiscus moscheutos occurs sparingly 
along the edge of the swamp. Bidens chrysanthemoides appears 
abundantly in the Fall of the year. 

RELATION OF SALT MARSH TO SALT WATER. 

Sodium chloride in solution is known to have strong plasmolytic 
properties, removing water from living cells, when these are subjected 
to its action, and hence causing the protoplasm to contract away 
from the cell walls. Ordinary plants are soon killed when exposed 
to the action of salt or salt water, and yet we have a group of plants, 
the so-called halophytes, which possess great powers of resisting the 
action of sodium chloride in solutions as strong as sea water. The 
sea beach plants are excluded from consideration; because Kearney10 
has shown that the salt content of the shore sand is a negligible quan- 
tity, and that some cultivated soils contain a larger percentage of 
common salt than the beach sand. so that of the strand plants the salt 
marsh species are the only ones which belong to the halophytic class 
(of plants. Schimper" has called attention to the fact that any con- 
siderable amount of salt in the cell sap is detrimental to the plant, and 
that this fact explains the probable cause of the characteristic halo- 
phytic modifications, which have to do with reducing the transpiration 
,current, which accounts for the abundant absorption of water with 
various salts of the soil in solution. Warming, however, replied that 
the reduction of transpiration would cause the increase of the salts 
in the cell sap, and he suggested a theory, which is now the current 
one, viz., that the protective contrivances, such as hairs, sunken 
stomata, succulency, etc., against strong transpiration are necessary 
in halophytic plants, because absorption of water from a salt solution 
is slow and difficult. 

In the absence of experimental data which will enable us to arrange 
the salt marsh plants of New Jersey into a series with reference to their 
greater or less power of resistance to salt water,'2 the following general 

i0 Kearney, T. H.: Are Plants of Sea Beaches and Dunes True Halophytes? 
The Botanical Gazette, XXXVII: 424-436, June, 1904. 

11 Schimper, A. F. W.: Ueber Schutzmittel des Laubes gegen Transpiration, 
besonders in der Flora Java's. Sitzb. Acad. Berlin, 1890: 1045; Die indo-malayische 
Strandflora. Botan. Mittheil. aus den Tropen, 13 :1-204. 

12 This was written in 1908. During the summer of 1909 the writer by means 
of a hydrometer (see previous note) made a detailed study of the various salt 
marsh plant habitats. 
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observations may be miade. Evidently, as it is exposed along the 
channels which it fringes to the full effect of salt water (sp. gr. 1.0185), 
the salt grass Spartina stricta maritima is the best adapted of all the 
species studied to the halophytic conditions under which such plants 
grow. Second in order of resistance to the detrimental influence 
of saline solutions should be mentioned Spartina patens, Salicornia 
herbacea, S. mucronata, Limonium carolinianum (sp. gr. 1.018),13 
Baccharis halimifolia, Distichlis spicata and Juncus Gerardi. While to 
a third group of still less resistant halophytic plants, I would include 
Typha angustifolia, Scirpus robustus, Gerardia purpurea, Solidago 
sempervirens and Atriplex hastata. Such plants as Hibiscus moscheu- 
tos, Cicuta maculata, Peltandra virginica, Panicum crus-galli and Sparga- 
nium eurycarpum, mentioned in the foregoing account, are plants 
indicative of fresh water marsh conditions, and are not to be included 
among the true halophytes. 

Withotut experimental data, which I will later supply in a detailed 
manner, with reference to the halophytism of all of the above-men- 
tioned plants, the observations of Ganong" and Graves15 have an im- 
portant bearing upon our study of the distribtution of the vegetation 
of the salt marshes of northern New Jersey. Ganong has found that 
the root hairs of Salicornia herbacea can enduire a 100 per cent. sea 
water without plasmolysis; those of Sueda maritima 80 per cent.; 
those of Plantago maritima 70 per cent.; while those of Atriplex 
patulum withstood 50 per cent. sea water. Graves found that the root 
hairs of Ruppia maritima could stand a 105 per cent. sea water with 
occasionally very slight plasmolysis, while with 110 per cent. sea water 
it was rather slow, but finally distinct. He also used solutions of 2.5, 
3 and 5 per cent. sodium chloride with the following results. In the 
2.5 per cent. solution, the leaves of Ruppia maritima did not plas- 
molyze; in the 3 per cent. solution they plasmolyzed in 4-5 minutes; 
in 5 per cent. solution in about 1 minute. Ordinary ocean water con- 
tains about 3.5 per cent. of salts, and it would seem, therefore, on 
a priori grounds, that the water of New Haven harbor does not contain 
as much salts as the 3 per cent. quantity of sodium chloride in the 
above experiment. It shows, however, that the adaptation of halo- 
phytic plants is within a narrow limit of salinity, and if the salinity 

13 According to my hydrometer investigations, to be published later in detail, 
the sp. gr. of sea water is 1.0215 at 21.10 C. 

14Ganong, W. F.: The Vegetation of the Bay of Fundy Salt and Diked Marshes 
Botanical Gazette, XXXVI: 161-186, 280-302, 349-367, 429-455. 

15 Graves. Arthur H. The Morphology of Ruppia maritima, Transactions of 
the Connecticutt Academy of Arts and Sciences, XIV: 59-170, December, 1908. 
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of the water varies within wider limits such plants are checked in their 
growth or completely exterminated. This was emphasized in our 
discussion of the salt marsh vegetation found in Upper Wreck Pond, 
and it accounts for the limitation of fresh water species when the water 
in which they grow reaches a certain degree of salinity. 

The study of the salt marshes, salt ponds and fresh water lakes of 
northern coastal New Jersey has developed many features of phyto- 
geographic importance. The origin of the lakes and ponds, it has been 
proved, is due to the advance of sand dunes across the outlet of various 
streams that have their rise some distance inland. Most of the larger 
streams, that have kept open their outlets to the sea, are lined for 
some distance from the ocean by salt marsh vegetation, which shows a 
number of characteristic plants in pure association. As the sand bar 
encroached upon the outlets of the streams the water became somewhat 
brackish, and the conditions favorable to the salt marsh species became 
more precarious, one species at a time disappearing with the decrease 
of water saltiness. Finally, near the heads of several of the bays, and 
also in several of the smaller ponds, the water becomes more and 
more fresh, and we find a replacement of salt marsh plants by those 
accustomed to grow in or near fresh water streams. Similarly salt 
ponds have by a slow process of change been converted into fresh 
water lakes, and the vegetation has changed accordingly with the 
altered physiographic conditions. Instead of the vegetation of the 
New Jersey coast remaining of a fixed type, we can trace, by a com- 
parison of the several plant formations in various conditions of develop- 
ment, the stages through which the vegetation has passed in reaching 
its present aspect, and the age of these different associations of plants 
can be determined by comparing the marsh areas given on the present 
survey maps with those indicated on the older survey maps of the 
inlets made at various times in the past by engineers for harbor 
improvement.16 Tb development has been a progressive one, and 
all in a certain direction from an original salt marsh vegetation to a 
fresh water and dry land flora. If at any time in this orderly sequence 
the sea should break through the barrier of sand, or remove it by the 
ordinary physiographic processes which are constantly active in the 
region, then there is a reversal of the orderly progression of one type 

"'See for this purpose the illustrated paper bv Prof. Lewis M. Haupt, on 
"Changes along the New Jersey Coast," Annual Report State Geologist of New 
Jersey, 1905: 27-95; 1907: 72-81, and for methods of using similar survey maps 
see Otto E. Jennings, "A Botanical Survey of Presque Isle, Pa.," Annals of the 
Carnegie Museum, V: 294-305 et seq. 
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of plant formation to another and the original salt marsh conditions 
are restored. This reversal may be sudden, if the sand barrier is 
destroyed in a single storm, or it may be gradual, if by a shifting of 
the ocean currents the sand is removed slowly away from the outlet 
of the stream or lake, as has happened within the past two years at 
the mouth of Shark River, which was a few years ago almost closed from 
the sea, and closed completely by a southeast storm on July 23,1909. 

In the sudden reversal by a heavy storm, all of the fresh water plant 
formations would be destroyed and the shore line would be made barren 
for a number of years, until by the usual methods of plant dispersal 
and invasion the salt marsh plants again take possession of the river 
banks, or line the shores of the bays and estuaries that may have been 
formed. If by the second method the reversal has taken place, then 
by the water becoming gradually brackish and finally salt, the fresh 
water plants will slowly lose their hold as the soil which they have 
occupied is invaded by the typic salt marsh plants. 

Man, however, has worked greater changes in the original vegetation 
of northern coastal New Jersey than all of the agencies previously 
outlined have produced. He has cut down the forests, spanned the 
rivers with bridges so as to disturb their natural flow, built railroads 
and wagon roads, constructed jetties and stone revetments, filled in 
ponds and ditches, spread kerosene over marshes to kill mosquitoes, 
and altered the drainage areas until in some places no trace of the 
,original vegetation is left. 
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